In this study, we investigated the agrBDCA operon in the pathogenic bacterium Listeria 17 monocytogenes EGD-e. In-frame deletion of agrA and agrD resulted in an altered adherence 18 and biofilm formation on abiotic surfaces, suggesting the involvement of the agr system of L. 
Whereas, during planktonic growth, transcription was not growth-phase dependent. The 23 mRNA quantification data also suggested that the agr system was autoregulated and pointed 24 to a differential expression of the agr genes during sessile and planktonic growth. Although Listeria monocytogenes is a Gram-positive human pathogenic bacterium ; it is the causative 34 agent of listeriosis, a serious infection characterized by high mortality rates, in 35 immunocompromised individuals and pregnant women (19) . This pathogenic bacterium is 36 widely spread in the environment (soil, vegetation, animals, farm environment) . In connexion 37 with these extended reservoirs, L. monocytogenes is also a contaminant of the food industry. 38 Its presence on working surfaces in food-processing plants is a major problem as a source of 39 food contamination (1, 32). As most bacteria, L. monocytogenes is able to colonize surfaces 
46
To date, three major signalling systems have been identified ; to regulate these systems, 47 bacterial extracellular signalling molecules called autoinducers are produced (8). The 48 acylhomoserine lactones (AHL) have been identified as autoinducers in bacteria (3, 13, 27, 46) . The autoinducer 2 (AI-2) is found in both positive bacteria (5, 7, 11, 35, 36, 54) . Finally, peptide-mediated signalling pathways have 51 been characterized in Gram-positive bacteria. Among these, the agr system has been 52 described initially in Staphylococcus aureus (41) ; the production of many of its virulence 53 factors (toxins, enzymes and cell surface proteins) is regulated by this system (4). The role of 54 the agr system during S. aureus biofilm development is complex (57). It depends on the 55 hydrodynamic conditions of the experimental set up ; under static conditions, agr expression 56 reduces the attachment of the cells to the surface (52, 55) and under turbulent dynamic 57 conditions, agr expression may affect biofilm maturation (55). Orthologs of the agr system 58 have also been described in Enterococcus faecalis (fsr) (45), Lactobacillus plantarum (lam) 59 (48) and L. monocytogenes (agr) (6). In E. faecalis, expression of a gelatinase (GelE) is fsr 60 dependent (45). In L. plantarum, the lam system plays a role during biofilm development 61 (48) . 62 In L. monocytogenes, the four genes (agrB, agrD, agrC and agrA) of the agr locus are 63 organized as an operon (Fig. 1A) . They encode the two-component histidine kinase AgrC and 64 response regulator AgrA, a precursor peptide AgrD and AgrB, a protein that is involved in the 65 processing of AgrD into a matured autoinducing peptide. Limited data concerning the role of 66 the agr locus on the physiology of L. monocytogenes is available. Williams et al. (53) showed 67 that among sixteen putative response regulator genes of L. monocytogenes EGD-e, in-frame 68 deletion in agrA did not affect the growth in BHI medium at various temperatures (20°C, 69 37°C and 43°C), in the presence of 9% NaCl, 5% ethanol or 0.025% H 2 0 2 . Swimming 70 motility was not affected either. No alteration of virulence could be identified during in vitro 71 infection of cell cultures nor in vivo after intravenous infection of BALB/c mice. In a previous 72 study, Autret et al. (6) reported a moderate attenuation of the virulence in Swiss mice after 73 insertion of Tn1545 in the L. monocytogenes EGD-e agrA gene.
74
To further elucidate the role of the agr system, we first of all examined its involvement during 75 attachment to abiotic surfaces and biofilm growth. agrA and agrD in-frame deletion mutants 76 were compared to the parental strain EGD-e during sessile growth. Secondly, we determined 77 the expression pattern of the four genes of the agr operon during planktonic and sessile 78 growth and we evidenced post-transcriptional events during expression of this operon. 
MATERIALS AND METHODS
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Bacterial strains and growth media 84 The bacterial strains and plasmids used in this study and their characteristics are shown in 85 In-frame deletion of agrD and agrA genes
95
The mutant strains listed in Table 1 , carrying an in-frame deletion in the response regulator 96 agrA or in the precursor peptide agrD genes, were constructed from the parental strain L.
97
monocytogenes EGD-e using a two step integration/excision procedure (10) which is based on 98 the mutagenesis plasmid pGF-EM (33).
99
First, for the construction of an agrA in-frame deletion mutant, primers C13 and A12 (Table   100 2) were used to amplify a 600-bp DNA fragment including the 3' end of agrC and the ATG of 101 agrA. The PCR product was cloned into pGF-EM (33) Secondly, a similar strategy was used for the construction of an agrD in-frame deletion 111 mutant. Primers D1 and D2 (Table 2) were used to amplify a 400-bp DNA fragment including 112 the 5' end of agrD. The PCR product was cloned into pGF-EM (33) to obtain pGID112.
113
Primers D3 and D4 ( generated by PCR using primers described in Table 2 . 10 ng of PCR products were labelled transcriptase (Invitrogen). The oligonucleotides used in this experiment are described in Table   219 2. The corresponding DNA-sequencing reactions were carried out using the same primers and and agrA transcript levels were respectively of 13 and 24 fold lower than the agrB transcript 288 level (Fig. 4A ).
289
The relative expression levels of the four genes of the agr operon were determined at mid-290 exponential phase during planktonic growth (OD 600 of 0.4) in the parental and mutant (∆agrA, 291 ∆agrD) backgrounds. In mutant DG125A (∆agrA), the relative expression levels of agrB,
292
agrD and agrC were significantly lower (n=3, P<0.05) than those of the parental strain EGD-293 e (Fig. 4B) (Table 2) , four 5' ends were identified among the agrC fragments sequenced (Fig. 7) .
321
Similarly, five 5' ends were observed among the agrA fragments sequenced (Fig. 7) event at the 5' end, mapped by a "T" (Fig. 7) . As expected, primer extension analysis with the 327 three specific primers B34, B26 and B18 (Table 2) 
